The activity of capsular polysaccharide pyruvyltransferase catalyzing the pyruvylation of acidic heteropolysaccharide was measured in Rhizobium trifolii 843 and 0403 rif. This enzyme activity was determined with EDTA-treated cells, uridine diphosphate-sugar precursors, and phosphoenol [1-'4C]pyruvate. Activity was measured by the incorporation of radioactivity into organic solvent-soluble glycoconjugates. Enzymatic pyruvylation of capsular polysaccharide occurred from phosphoenolpyruvate at the lipid-bound saccharide stage.
filter), centrifuged at 12,000 x g for 30 min, and washed with Bll medium followed by 10 mM EDTA adjusted to pH 8.0 with 10 mM Tris base. Pelleted cells were suspended with 1 volume of buffer, frozen at -80°C, and thawed at room temperature (20) . This freeze-thawing cycle was repeated eight times, yielding EDTA-treated cells that were permeable to sugar nucleotide diphosphates. Protein content was measured by the Folin phenol method (14) , with a bovine serum albumin standard.
The in vitro activity of CPS pyruvyltransferase was measured by a modification of the method of lelpi et al. (12) . The standard incubation mixture (total volume, 50 ,ul) contained the following: Tris hydrochloride buffer (pH 8.2), 3.5 ,umol; MgCl2, 0.4 ,umol; 2-mercaptoethanol, 2 (20) . The aqueous (top) and organic (bottom) phases were separated, and radioactivities of aliquots were measured.
Gel filtration chromatography of the radioactive, acidcleaved moiety that partitioned into the aqueous phase was perform.ed at room temperature in a column (100 by 2 cm) of Bio-Gel P6 (100-200 mesh). The solvent was 0.1 M pyridine acetate (pH 5.0), and the flow rate was 8 ml/h. Fractions of 3 ml were collected, and aliquots of 0.5 ml were mixed with 3 ml of Scinti Verse II and counted. Blue dextran was used to determine the void volume. Standards consisted of lactose and the modified oligosaccharide fragment from R. trifolii 843 CP$ (isolated after depolymerization, using a P-lyase which generates 4-deoxy-L-threo-hex-4-enopyranosyluronic acid in place of one glucuronic acid residue [1] ), and their elution was detected by the phenol-sulfuric acid method (9 (Fig. 1A and B) . Results presented in Fig. 1 fold more than labeled PEP) to the standard incubation mixture containing labeled PEP decreased the radioactivity incorporated into the product to the background level obtained with boiled control samples ( Table 1 ). This indicated that CPS pyruvyltransferase catalyzed the incorporation of PEP into the lipid-bound product. The possibility of label incorporation into product from further metabolism of PEP (e.g., through an acetyl-coenzyme A intermediate) was (7.1 ,uM) in the incubation mixture.
Mild acid treatment of the labeled LBO product synthesized in vitro resulted in the transfer of all radioactivity from the LBO extract (37,000 cpm) to the aqueous phase when partitioned in chloroform-methanol-water (3:2:1). This indicated that the label was incorporated into the carbohydrate moiety of the LBO product and not the lipid itself. To determine if the labeled moiety of the aqueous soluble product was pyruvate, we fractionated this product by gel filtration chromatography. Analysis of the fractions showed that two major labeled products (peaks V,/V0 = 3.3, 3.5) eluted after the modified oligosaccharide fragment of R. trifolii 843 CPS. Depyruvylation of these isolated products followed by paper chromatography with standard pyruvate showed that the labeled moiety of these aqueous soluble products was indeed pyruvate.
The specific activities of CPS pyruvyltransferase from R. trifolii 843 and 0403 rif were very similar (3.79 and 3.73 U/mg of protein, respectively) in these two nodulating wild-type strains isolated from very different ecological environments.
We conclude that pyruvylation of CPS in R. trifolii 843 and 0403 occurs by enzymatic transfer from phosphoenolpyruvate to lipid-bound saccharide intermediates. Consistent with these results, the pyruvylation of a lipid-linked oligosaccharide of R. trifolii NA-30 from phosphoenolpyruvate has recently bedn described (3) .
